A laboratory experiment was conducted to investigate the efficacy of methanol and n-hexane leaf extracts of Secamone afzelii against the development and tolerance of the cowpea weevil, Callosobruchus maculatus (F) (Coleoptera: Chrysomelidae) on stored cowpea, Vigna unguiculata (W) seeds. The study was laid out in Completely Randomized Design (CRD) with five pairs of adult beetles exposed to 0.5, 1.0, 1.5 and 2.0 ml corresponding to 2.5, 5.0, 7.5 and 10.0% v/w concentrations admixed with 20g cowpea in three replications under ambient laboratory conditions. Control was also set up with no admixture of extracts. The results revealed that the extracts of the plant exerted significant adult mortality; caused considerable reduction in the number of adult weevil emergence, which ultimately significantly suppressed percentage seed punctured and weight loss.
INTRODUCTION

Cowpea (Vigna
The protection of agricultural products in storage against insect attack is essential for the safe and steady supply of food. Currently control of C. maculatus infestation relies heavily upon the use of gaseous fumigants and residual chemical insecticides. When properly used, synthetic insecticides might continue to play an important role in reducing storage losses due to insect pest activities -1142- (Mean, 1983; Redlinger et al., 1988) . Africa (Mensah et al, 2006) . S. afzelii is used in traditional folk medicine for the treatment of various aliments (Gill, 1992; Watt and Breyer-Brandwijk, 1962; Oliver, 1960; Odugbemi, 2008) . There is paucity of information on the utilization of S. afzelii in the management of storage insect pest, although several workers (Adesina and Ofuya 2011, 2015; Adesina et al 2012) reported insecticidal activities of the plant.
Therefore, the present study investigated the tolerance activity of S. afzelii as a botanical insecticide for a sustainable pest control strategy of C. maculatus infesting stored cowpea grains.
MATERIALS AND METHODS
Insect culture and Experimental condition
Initial insects (C. 
Statistical analysis
The experiment was laid out in Completely Randomized Design (CRD) and each treatment was replicated there times. Data from the 3 replicates of the experiment were pooled together and was subjected to Analysis of Variances (ANOVA). There were no mortality in control treatments; so, there was no need to correct the mortality data (Ziaee, 2014) . Data observed in counts, were subjected to square root transformation and percentages were arc sine transformed before analysis to normalize the data. Treatment means were separated using Least Significant Differences (LSD) at 5% probability level (Gomez and Gomez, 1994) .
RESULTS
The results of different concentration of S. afzelii with methanol and n-hexane extracts are presented in Table ( Perusal of present data also revealed that n-hexane extract of S. afzelii was significantly more toxic to test insects than methanol extract of the same plant 24 h after infestation, whereas at 48h after infestation there was non-significant difference among n-hexane concentrations. In general, there was a significant increase in cumulative insect mortality with an increase in the concentration as well as exposure time of the treatments. Each value is a mean ± standard error of three replicates and means within column followed by the same letters (s) are not significantly different at (P> 0.05) using Least Significant Difference.
The data shown in Table ( However, the reduction in adult emergence increased with the increase in concentration rates of each extracts.
Table (2). Mean percentages adult emergence reduction of Callosobruchus maculatus from treated cowpea seeds with S. afzelii extracts under laboratory conditions
Each value is a mean ± standard error of three replicates and means within column followed by the same letters (s) are not significantly different at (P> 0.05) using Least Significant Difference.
-1146-Percentage weight loss and seed puncture data is presented in Table 3 . The weight loss rate in cowpea seeds 6 weeks post treatment shows decreased rate with increasing extract concentration. Overall percentage weight loss was lower in value from seed treated with 2ml extracts than that of untreated control. Seeds treated with n-hexane extract gave appreciable reduction in weight loss compared with ethanol. All the plant extracts were more effective at higher application rates than the lower rates. All the plant extracts treatments were also significantly different (P<0.05) from control in terms of weight loss. With regards to percentage seed punctured, untreated seeds significantly suffered greater damage compared to treated seeds. Non-significant difference was observed in cowpea grains treated with 0.5ml -2.0ml of plant extracts with close similar value.
Table (3). Mean percentage weight loss and seed punctured by C. maculatus
Regardless of extracting solvents and the concentration levels, all plant extracts significantly (P <0.05) affected C. maculatus tolerance to the treated seeds due to infestation (Table 4) . Results showed that percentage pest tolerance was concentration dependent.
Cowpea grains treated with 2.0ml showed high tolerance level across extracts. Untreated seeds had the least tolerance level.
Table (4). Mean percentage pest tolerance by C. maculatus on cowpea grains treated with S. afzelii extracts
Effect S. afzelii efficacy on treated cowpea seeds
Toxicity of the extracts was found to be concentration dependent. The percentage efficacy of the extract was found to be low at the lowest concentration for the two extract evaluated and performed better at higher concentration level (Table 5 ). Cowpea seed exposed to 2.0ml concentration significantly suppressed C. maculatus infestation and seed damage compared to untreated cowpea seeds.
Table (5). Effect S. afzelii efficacy on treated cowpea seeds
DISCUSSION
Prior to the development and commercial success of synthetic insecticides beginning in the 1940s, botanical insecticides were major weapons in the farmer's arsenal against crop pests (Isman, 2008) . In many villages of Africa, farmers often mix plant materials with stored grains against pest infestation (Akinkurolere, 2007).
The mortality reported in this study was observed to have a direct relationship with the concentrations of the extracts and the exposure time of the insect to the treatment.
It indicateed that higher concentration and longer time exposure periods were needed to achieve appreciable management of C. maculatus. Furthermore, Shaaya et al (1997) suggested that higher concentration and longer exposure were needed to achieve appreciable level of mortality, which concurred with the result obtained in this study. The overall effects of the plant extracts corroborated an earlier study conducted by Srivastava and Mann (2002) using plant Peganum harmala against C. chinensis which showed that ether extract at higher concentration of 10% was most effective in causing adult mortality. This result was in accordance with those of Ewete et al., (1996) who reported that the effectiveness of a substance for insecticidal purpose was related to its capacity to cause a strong significant mortality rate in a population of pest. S.
afzelii extract might have been very potent because of the odour it produced, which might have exerted a toxic effect by disrupting normal respiratory activities of the insects, thereby resulting to asphyxiation and subsequent death (Adedire and Ajayi, 1996) . 2008). Generally, the adult mortality might be attributed to contact toxicity or to the induction of some unknown physiological changes as opined by Mathur et al. (1985) .
The reduction in F 1 progeny could have resulted from adult mortality, ovicidal (egg mortality) and larvicidal (larval mortality) properties of plants' oil. This could have arisen from the plant extracts which form a film covering the surface of the pulse which caused a reduction in respiration and gas exchange between the seeds and their environment, thereby interfering with normal respiration.
The toxicity of compounds penetrating the seed or the accumulation of the toxic metabolites also killed insects.
This assertion confirmed the findings of several workers (Gupta and Srivastava, 2008; Araya and Emana, 2009; Adesina and Ofuya, 2011; Adesina et al. 2012) .
The extracts The reduction in seed damage by the beetles was concentration dependent and could be attributed to higher adult beetle mortality and low adult beetle emergence in treated grains. This confirmed the findings of Adesina and Ofuya, (2011) . In addition to that, Adesina et al (2012) reported that the lower the percentage adult emergence from treated grains, the lower the percentage seed damage or adult exit hole and weight loss. Dick and Credland (1984, 1986) reported that the number of adults of C.
maculatus that emerged from infested cowpea seeds depended amongst other factors, on the number of eggs initially present. Successful infestation was determined by number of eggs hatched, as well as the number of first instars larvae that were able to penetrate the cotyledons, and interfering with any of these processes, leading to a reduction in the population of the bruchid and the degree of seed damage (Lale and Mustapha, 2000a) . It has been reported that the larvae which hatched from the eggs of Callosobruchus species must penetrate the seeds to survive (FAO, 1999) .
The result obtained from this study suggested that reduction of infestation and seed damage in pulse seeds treated with S. afzelii extracts were achieved mainly through reduced egg hatch and increased mortality. This supported the findings of several authors (Lale and Abdulrahman, 1999; Lale and Mustapha, (2000b) .
The reduction in adult exit hole and percentage weight loss on treated grains as observed in the study might be due to the high mortality rate of the adult beetles and inability of the eggs to hatch; thereby reducing metabolic activities of The cause for a considerable protection of cowpea seeds against the attack by C. maculatus in the current investigation could be due to the presence of different phytochemicals which interfere with the insect biological activities. Some workets (Zabri et al, 2008 and Zabri et al (2009) , reported that phytochemical evaluation of the tested plant with methanolic extract, revealed the presence of alkaloids, tannins or tannoids, cardiac glycosides and saponins, quinones, flavonoids, coumarines, sterols and polyterpenes which were to possess some insecticidal properties.
Flavonoids have been considered as one of the plant's defensive systems against phytophagous insects (Masanori et al, 2000) . Wakako et al, (2012) The constructive comments of the anonymous reviewers are highly appreciated.
